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[57] ABSTRACT 
Pharmaceutical compositions are provided which con- 
tain hollow tine tube drug delivery systems. The com- 
positions comprise a pharnuceutically suitable carrier, 
preferably in the form of a capsule, tablet, suspension, 
or suppository, and at least one drug delivery system 
which consists essentially of (1) a polymeric tube hav- 
ing a membrane outer sheath and a hollow core, and (2) 
at least one drug compound contained within the core, 
said system contained in the composition in an amount 
sufficient to deliver a therapeutic amount of the drug 
contained therein at a predetermined rate over a prede- 
termined period of time. By varying the polymer, the 
permeability of the outer sheath, the drug, the drug 
concentration in the hollow core of the tube, the rube 
diameter, the tube length, the tube core diameter, and 
the sealing of the tube ends, a wide variety of drug 
therapeutic amounts, rates and dosing times can be 

21 Claims, No Drawings 



to 15 cm in length, preferably about 0.5 mm to about 2 
cm, containing at least one drug in the core are mixed 
for oral af 
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a. extruding a polymer solution or suspension through 
an annular orifice to provide a tubular membrane 
having a hollow core; 

b. simultaneously extruding a drug suspended in a poly- 
RELATIONSHIP TO OTHER APPLICATIONS 5 mer solution into the hollow core of the tubular mem- 
This application is a continuation-in-part of copend- j™* to P rovidc a ^ encapsulated tubular mem- 

ing US. Apphcation Ser. No. 730,064, filed May 3, brane , ■ . , 

1985, now U S. Pat No. 4,673,565. <=• P 88 ^ ■«?» ^stem mto a non-solvent for the poly- 

mers having a density different from that of the sys- 
BACKGROUND OF THE INVENTION 1° tern, to coagulate the polymers under conditions to 
1. Field of Invention niiiiimize orientation in the tube polymer and to cre- 

This invention relates to pharmaceutical composi- ate pores m the rube polymer wall; 

tions and more particularly to controlled release phar- d " re T™ 8 resldual soIvcnt frc ™ the system; f d . 

maeeutiea] compositions containing hollow tube drus c ' collecting a drug encapsulated, porous polymeric . 

d^vervwtemt ^""^8 B is hollow tube. 

2 Prior Art- According to a preferred embodiment, a plurality of 

ControUed delivery or sustained release formulations ho " ow ' P° rotH ' ^««ed Pdyurelhane/urea tubes up 

have gained wide popularity in the pharmaceutical 

industry. The popularity of these formulations has 20 

grown due to the usefulness in extending the utility of 

particular drugs which require specific dosages and 

delivery of the dosage at a non-toxicological rate. 
In the pharmaceutical industry, sustained release has 

been used extensively for oral medications over a num- 25 — . mti . , „ , ... e . 

^"^^^■"T 1 * dB P M ?f d d ™»t J . . „ extruding it through an orifice (usually referredto as a 
Controlled drug delivery on the other hand is aimed 30 ^ ^ „ , 0 fonn a h / Uow mbe> ^ 

at acmevmg justamed release of a drug at a constant exaM ^ melt h cooled ^ a quench whicb ^lows 
rate (zero order) for long periods of tune. Zero order thc po]^ to soMfy into a fine tube. In the dry-form- 
release can be provided at the present time only by ^ proccss , a ^ution of the polymer is extruded 
mechanical pumps, such as automatic syringes and tm- . desired orifice and is fed into a heated column 

pkntable pumps, osmottc pumps such as Alms systems which allows for evaporation of the solvent and subse- 
known as Alzrt®, Progwtaaert ® and Ocusert®, ^ formatioa of a tube. In a wet-membrane forming 
chemically controUed biodegradable mechanisms, and process, a solution of the polymer is extruded though an 
difrusional systems based on polymeric membranes and orifice and quenched in a non-solvent for the polymer 
matrices such as the currently marketed transdermal ^ resu itmg in coagulation of the polymer to a tube. Of the 
systems for the delivery of nitroglycerin for angina above mentioned forming processes, wet-membrane 
pC f^^l! < ? p0l Tfl! f °L m ^ tiOI L^l! n ^t.„ , forming allows one to easily produce hollow porous 

.j u ' *" tubes. It will be appreciated that the particular forming 

process used will be dependent upon the polymer used 
4« and type of hollow tube desired. 
While much work has been done over many years To make a membrane outer sheath in a hollow tube, 
relating to the sustained release and the controlled re- one first dissolves or disperses a polymer to form a 
lease of drugs, there still is a need for new systems that liquid solution. A porous membrane results when the 
are capable of delivering a predetermined amount of a latter process is reversed under controlled condition, 
drug at a predetermined rate, over a selected time. The 30 The polymer coagulates into a continuous matrix as it 
present invention provides such systems. separates from the solvent which forms a dispersion of 

BRIEF DESCRIPTION OF THE DRAWINGS dr £ 1 ' 1 *^ ^S^/S^T Z± ? 

extracted, the dispersion of droplets becomes a network 
FIG. 1 schematically illustrates a procedure for pre- of open pores. This phase inversion or separation can be 
paring hollow tubes having drugs incorporated in the achieved by a number of techniques. In one, the temper- 
cores of the tubes via solutions of the drugs. ature of the polymer solvent dictates the point at which 
FIGS. 2 and 3 illustrate procedures involving mem- the phase inversion occurs. In another, the polymer 
brane formation by utilization of density gradients. If solvent is physically exchanged with a poor solvent for 
the bath density is less than the tube, the tube will sink the polymer causing phase inversion, 
and collect at the bottom of the bath (FIG. I). If the 60 The size of the pores is affected by the solvent 
bath density is greater, the spinning device is inverted strength of a polymer. A rapid decrease in solvent 
and the tube will float upward and collect at the top of strength often tends to entrap a dispersion of small 
the phase inversion stage (FIG. 3). droplets within the continuous polymer phase. A slow 



SUMMARY OF THE INVENTION 



decrease in solvent strength allows for nucleation si 
S within the polymer matrix allowing for formation of 
According to the present invention there is provided larger pores. In this case, the reduction in solvent 
a process for preparing a hollow tube drug delivery strength must be rapid enough to allow for the structure 
system comprising: of the membrane to set. 
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Another way to change porosity aad volume of the is schematically illustrated in FIG. 1. The resulting 

porous network in the polymer is to change the concen- hollow tube containing the drug is quenched in an ap- 

t ration of the polymer solution. Lower concentrations propriate poor solvent for the polymer and the drug and 

have a tendency to promote larger pores and greater is permitted to set in the quench bath. If necessary, the 

pore volume. However, there is a limit to how high 5 tube can be removed from the initial quench and placed 

(usually ho more than 45% w/w) the polymer concen- in another solvent which can expedite removal of the 

tration can be in a solvent, otherwise, the polymer will remaining solvent in the tube, without removing the 

become the dispersed phase in a continuous solvent drug. For example, a volatile non-solvent for the drug 

phase, thereby eliminating the porous network. An- and tube can be used to exchange with any residual 

other method to achieve porous tubular membranes is 10 solvent remaining in the tube and subsequently be re- 

to cause a rapid phase inversion of the polymer solution moved by vacuum extraction, 

by cooling. After the drug encapsulated hollow tube is formed, 

Generally, as the polymer membrane of the hollow the continuous tube is cut into lengths suitable for for- 
tube is quenched, the surface of the polymer tends to mulation into a pharmaceutical composition for admin- 
have a "dense" skin due to a rapid reduction of solvent IS istration to mammals, particularly in the form of a tab- 
strength at the surface. The interior, on the other hand, let, capsule, suppository, suspension, or suture. The 
must have the solvent diffuse and migrate through the length of the hollow tube can be as long as can conve- 
polymer matrix; This results in larger interior pores. In niently be formulated into a dosage form commensurate 
a thermally induced quench, the relative cooling rates with the delivery of a therapeutic amount of the encap- 
can determine the relative degree of porosity. 20 sulatcd drug. Formulations can be prepared making use 

Conventional machinery used in the manufacture of of carriers, vehicles, diluents, exdpients, and proce- 

tubes often has a tendency to orient the polymer by dures well known to those skilled in the pharmacy art. 

either the mechanical features of the device or by the For example, the hollow tubular delivery system can 

influence of gravity. This often results in distortion of be one continuous length that can be "balled up" into a 

pore shape and orientation in tubular membrane pro- 25 dosage form. The continuous tube may be more suitable 

duction and also requires that the solution have inherent for the slow release of a drug over a long period of time 

physical properties enabling it to be processed on the via an osmotic pump delivery system. In this delivery 

conventional equipment Hot and cold drawing can also system, at least one of the tube ends is open and the 

be used to vary the outside diameter of the tube and its membrane outer sheath is impermeable to water and the 

core volume. For example, a large diameter tube can be 30 drug, Le., the drug is delivered out the end of the tube, 

extruded and then drawn down to a small diameter. Release rates can be increased by making the membrane 

In order to minimize the effects of orientation and outer sheath permeable or semi-permeable, 

maiimiie the benefits of uniform porosity and allow for Preferred pharmaceutical compositions contain a 

production of membranes from fragile polymer systems, plurality of drug encapsulated hollow tubes. These 

a preferred rube forming process called density gradient 35 tubes can be of uniform length or of different lengths 

membrane formation is used. This process uses density with the ends either open or sealed. By varying the 

gradients in the phase inversion bath. Careful selection lengths of the tubes, openness of the ends, and permea- 

of the coagulation solutions allows one to use gravity to bility of the membrane outer sheath, the rate and time of 

gently draw and collect the thin tubular membrane in delivery can be varied and be predetermined. Tube 

the phase inversion bath. The density gradient of the 40 lengths up to 15 cm are preferred; however, shorter 

coagulation solution can be established by either multi- lengths are more preferred, eg., the tubes are preferably 

pie stacked layers of liquids with different densities, or less than 2 cm long, preferably in the range of less than 

by the use of a single coagulant subjected to a tempera- about 0.5 mm to about 2 ran, and most preferably in the 

tore gradient which in turn produces a density gradient. range of about 0.S mm to about 6 mm. The tubes can 

Proper selection of the coagulation solution is ex- 45 have both ends open, both ends sealed, or one end open 

tremely important when processing delicate mem- and one end sealed. 

branes. Depending on the density of the tube vs. the The hollow tubes preferably have a small diameter 

quench bath, it can be spun either upwards or down- for ease of formulation. While final diameters can be as 

wards. For drug encapsulation, selection of the quench high as 5 mm, it is preferred that they be about 0.5 mm 

media is dependent on the drug solubility and miscibil- SO in outside diameter or less. Larger diameter tubes can be 

ity of the solvent for the polymer. spun and then drawn down to a smaller diameter. As- 

In order to encapsulate a drug compound in the core pect ratios (ratio of length to diameter) of the tubes will 

of the hollow tube, either a suspension, solution, or generally be in the range of about 1 to 30. The core 

other extrudahle form of the compound has to be pre- diameters of the hollow tubes typically range from 

pared initially. This is achieved by selecting a solvent 55 about 25-90% of the outside diameter, preferably about 

for the drug and dissolving it to a desired concentration 40-85%. 

or by melting the drug material to be encapsulated. The drug concentration in the core of the tube de- 
Al tentatively, a suspension of fine particles of drug in pends upon many variables and will be loaded to pro- 
an appropriate liquid medium is prepared which can vide the best delivery rate and time span for the particu- 
either be heated to form a liquid suspension that can be 60 lar drug involved. Drug concentration can vary over a 
solidified in the core of the tube or can be made viscous wide range, Le., about 1-90% by weight, of the total 
enough for the drug to remain in suspension. Often a weight of the tube and compound; however, it is p re- 
dilute solution of the polymer used to make the tubular ferred that the drug concentration be in the range of 
membrane outer sheath serves as an adequate suspend- about 5-75% by weight. 

ing medium for the drug. Once the appropriate drug 65 The drug in the core can be mixed with a pharmaceu- 

solution or suspension is made, it is pumped into the tically suitable salt or sugar to increase the dissolution 

annular die simultaneously with the solution of the pol- of the drug in the core. This is particularly appropriate 

ymer forming the outer sheath of the hollow tube This where the tube acts as an osmotic pump since the salt or 
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sugar assists in farcing water into the core. While mag- Phenylpropanolamine hydrochloride, a decongestant, 

nesium sulfate is a preferred salt, other useful salts are pKa (base)=9.5, is freely soluble in water (25* C). 

any water-soluble, divalent or monovalent salts. Theophylline, an antiasthma drug, pKa (base) =0.3 6 

A hollow tube that has been found particularly suit- with a solubility in water of 1 gram in 120 mis (25° 

able for pharmaceutical formulations is a segmented 5 C). 

polyurethane/urea tube free of additives having an Chlorpheniramine trial eate, an antihistamine, pKa (ba- 

outside diameter of less than 0.5 to about 1.5 mm, a core se)= 6.99, has a solubility of 1 gram in 3.4 ml water 

volume of about 60-90%, a length of about 3-6 mm and (25' C). 

a drug concentration in the range of about 25-75% by Salicylic acid, a topical antiseptic pKa=2.97, is slightly 

weight. The membrane outer sheath of these tubes is '° in water. 

porous, and bad a porosity of 500 daltow or more, Indomethacin, an antiinflammatory drug, pKa 

determined by dye penetration tests. (acid) -4.5, has a low solubility in water. 

The material of choice for production of the hollow Nalbuphine hydrochloride, an analgesic, pKa (ba- 

tube depends on the characteristics one would like to «)=8.4, is soluble in water. 

have in the final product. They can be chosen for ease 15 ln Examples which follow, boUow tubes were 

of membrane fabrication, hydropbilicity, elasticity, mo- P«P™1 by of two procedures which can be varied 

lecular weight, btocompatibiltty, degree of porosity, depending upon the end results desired. Drugs were 

processing temperature, and compatibility with the incorporated in the cores of the tubes via solutions or 

drug being encapsulated. Polymers which can be used suspensions of the drugs, 

include polyolefins such as polypropylene, polyure- 20 PROCEDURE A 

thanes such as segmented polyurethane/ureas, ethy- _ . , . . 

lene-vinyl acetate copolymers having a vinyl acetate , T h f.? ro ^^ E ™ "™S«nent shown in FIG. 

content of at least 33%by weight, polyvinyl alcohols, J" *» p £* d T » so1bU0 ' ^ * e P 0 '^ 1 for the 

and blends of water-soluble pol^merTwith some of the „ ° utcr ^brane sheath .s pumped through the annular 

aforementioned oolvmers. 25 die simultaneously with a solution of the core material 

Polypropylene^anbTused for the production of fine ***** ? ^^^brane surrounding core 

t,«ii™„ %^JT IZ^^T^A^. ^t^i«» solution. This is passed through an annular die 

hollowtabular membranes wtfh wide variations in po- {aD =2 lg ^ mW a h ^ QOnxiMng t Iiter 

a^A^sssaa^ 30 barb ^zzsesss 

the high temperatures necessary for the fcbncation of loaded ^ remain3 m ^ piddle pof^ the £ lveat b 

polypropylene hollow tabes, care must be used in se- ^ ^ ^ afteVsolvent removal is 

letting drug, which are not heat sensitive. Altera* nearly for further treatment, e.g„ removal of 

? V !? y * th U lr SL C f ■ ^ " y !f! d mt ° ^ of ^ 35 trace amounts of solvent. The tube is formed at a rate of 

hollow tube afterit is formed; however, such a proce- al to 2 cnP/ndn and the speed of the piddle pot is the 

dure is not preferred. same as the speed of the tube as it exits the quench tube. 

Polyurethanes, such as segmented polyure- Temperature of spinning and coagulation are controlled 

thane/ureas sold under the name Lycra®, can be dis- by heating mantles surrounding the die and coagulation 

solved at ambient temperature in dimethylacetamide ^ Nettie. 

CDMAC) or other appropriate solvent and fabricated Table I gives Examples of drug loaded tubes which 
into porous, hollow tubes at ambient temperature. They were [ onae d by the above method. All runs were con- 
can also be blended easily with water-soluble materials ducted at room temperature, 
such as polyvinylpyrrolidone (PVP), polyethylene gly- 
col (PEG), and salts which enhance porosity and wetta- « PROCEDURE B 
bility of the resulting tubular membranes. These tubes This procedure involves membrane formation by 
have high elasticity, are biocompatible, and offer great utilization of density gradients. This procedure is desk- 
flexibility in the design of hollow tubular membranes, able for most applications where membrane fabrication 
especially by the preferred density gradient membrane and drug encapsulation are involved. Due to excessive 
formation technique. Copolymers of ethylene- vinyl jo "draw" which is inherent in most extrusion techniques 
acetate with at least 33% by weight of vinyl acetate can and also to the difficulty of fabricating slow forming 
be dissolved at ambient temperature in tetrahydrofuran membranes or tubes whose polymer structure has weak 
(THE) and fabricated into porous hollow tubes. They physical characteristics, this procedure allows for mem- 
are easily blended with water soluble materials such as brane formation of polymers having any or all of the 
PVP, PEG, and salts. These tubular membrane systems 55 characteristics mentioned. By correctly choosing coag- 
are somewhat elastic, are biocompatible, and are easily ulants with a density slightly different than that of the 
formed into hollow tubes. Hytrel ®, a polyester elasto- polymer/drug encapsulated tube, one can use gravity to 
mer, can also be formed into porous tubular membranes gently draw and collect a forming tube within the phase 
and blended with water-soluble polymers. inversion bath (coagulant). If the bath density is less 

Polyvinyl alcohols can be dissolved easily in hot 60 than the tube, the tube will sink and collect at the bot- 

water at 60' C and can be fabricated into porous hollow torn of the bath (FIG. 2). If the bath density is greater, 

tubes at ambient temperatures. Because of their solubil- the spinning device is inverted and the tube will float 

ity in water, they can be used as slowly erodible ma- upward and collect at the top of the phase inversion 

trixes for delivery of active ingredients. stage (FIG. 3). This procedure can use several bath 

Any therapeutically active drug compound can be 65 fluids of decreasing density stacked vertically in the 

used. In the examples- which follow, the following com- cube allowing for flexibility in design to give the ability 

pounds were chosen as models because of their broad to use a sequence of quench-coagulation treatments in 

range of chemical and pharmacological characteristics: the same phase inversion unit. For example, a layer of a 
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heavy liquid can be placed adjacent to the die for ther- tubular membrane. Drugs are usually solids and a solid 

mal insulation. A lighter heat conductive liquid on top drug in powder form is preferred. Preferred polymer 

of this layer becomes the quenching agent, solutions are propylene glycol, polyethylene glycol 

The encapsulation of drugs is accomplished by dis- having a molecular weight greater than 400 (preferably 
solving or suspending the drug in a suitable liquid, or 5 in theiangeof about 400-5000), about 1-12% by weight 
melting the drug, then taking this drug preparation and of a segmented polyurethane/urea derived from poly- 
loading it into a stainless steel piston used for inserting ether soft segments, and about 1-5% by weight of poly- 
the core material. A second piston for the outer sheath vinyl alcohol in water. Other polymer solutions can be 
membrane contains the polymer solution. Temperature used such as sodium carboxymethylcellulose, hydroxy- 
control, if necessary, of the pistons, die, and coagulant is 10 propyl cellulose, and hydroxypropylmethyl cellulose, 
accomplished by heating jackets. Die size is chosen Typically, the drug will comprise about 3-50% by 
depending on the diameter of the tube desired, and on weight in the polymer solution, 
the lumen desired. The rate at which the polymer and The coagulation bath for the extruded system is coin- 
drug is pumped is controlled by settings an the pumps. posed of a non-solvent for the polymer used for the , 
The gap between the die and the top of the coagulation IS tubular membrane. This is preferably water, an alkyl 
bath, where appropriate, is set according to the amount alcohol of 1-3 carbon atoms (preferably methanol or 
of "draw down" desired. This procedure is more fully ethanol, or a mixture of the two). Other useful non-sol- 
described by the following: vents are acetone, ether, and aqueous solutions of so- 

The porous, polymeric hollow tube is formed by dium sulfate, or sodium hydroxide. As stated earlier, the 

extruding a tubular membrane from a polymer solution 20 density of the non-solvent is different from the extruded 

or suspension and then passing the tubular membrane system so that the system either rises to the top of the 

into a coagulation bath which is a non-solvent for the bath or, as preferred, sinks slowly to the bottom of the 

polymer. Simultaneously with the extrusion of the hoi- ^ pri orto removal and collection. A small difference 

low tube, a drug suspension (drug suspended in a poly- m densities minimizes orientation in the tubular polymer 

mer solution) is extruded at the same rate as the tube 25 wa j] ^ aj] ows the creation of uniform pores in the 

extrusion into the hollow core of the tubular membrane tube wall during phase inversion, 

to form a drag encapsulated tubular membrane system. The temperatures for extrusion and for the coagula- 

In the coagulation bath the solvent is removed from the £ m b atn are preferably about the same but can be dif- 

system via phase inversion, during which the pores in fcrent amending upon the properties desired in the final 

the polymer wall are formed. After removal from the 30 product Preferred temperatures are about room tem- 

coagulation bath, residual solvent is removed, and the however, the temperature for the extrusions 

drug encapsulated, porous, polymeric hollow tube is and for the coagulation bath can be independently in the 

collected, e.g., on a take-up roll. From the take-up roll, of ly to m - Cj depending on tne heat 

the collected drugged tube is cut into desired lengths, 3tabilitv ofthe polymer. To increase the pore size in the 

ends sealed as cleared, and a plurality ofthe cut tubes 35 tub^ polymer wall, the temperature can be increased 

are mixed with a suitable pharmaceutical earner for oral to lne ^ end> Le>> m tbe of t0 m - C . 

administration. draw . down ^ be made in the extruded sys- 

The polymer solution which forms the porous, tubu- tem ^ outaide dieter of the final product 

P m ^raneisp^er^ly a wlution of about 15-40% This is accomplished by driving the take-up roll, when 

(preferably 30-40%) by weight of a segmented polyure- 40 extruding upw V at a sUght higher speed as is well- 

thane/urea derived from polyether soft segments <J-y- ^—^the^. b me preferred downward extrusion, 

era ®) and free of actives and dissolved m dimethyl- ffl « provided between the die and the bath so as 

aCe f n S e r?^ C \° r N-methylpyrrohdone (NMP), t0 ^ ^ ^ ^ 0 

preferably DMAC Anotter useful polymer »luti°n «s and a few mches, depending onthe properties desired in 

a solution of about 15-25% by weight of a polylacOde « the final product 

*™?S a n ^^ aVC ^ e „ m0 '^ <*•»»« After removal' from the coagulation bath, residual 

100^00 to 500,000 m NMP, DMAC or a cWonnated mAnat k ^ ^ ^ meApsalaied> po rous> 

solvent such as cMorofornior methylene chloride. The poiy^ hoUow tube preferably by heat or by passing 

rrflylactjdecan be formed ^fix^n r^lymenatm of lactic ^ c } pmillct a ^ ajamn , j^f^ hav * 

."'."T » " s P^ ut,00 of 30 ing an outside diameter of about 0.5-10 millk 

about 15-25% by weight of polyvmy alcohol m water, p£ ferabl ^ 0 . 5 -5 nullimeters is coUected ft 

The polyvinyl alcohol is a homopolymer which is a * ^ ^ lacesai]ls ^ ^ 

*f Y P 01 *™* 1 M * Ut£ (witb In Tables I and II are given the conditions and char- 

than 99 8% of theiu^ute groups converted to alcohol of the tubes prepared using this procedure, 

groups) or a partly hydrolyzed polyvinyl acetate 53 All parts and percentages are by weight, 

with up to about 25% of residual vmyl acetate groups. ThTfollowmg abbreviations are used in the tables: 

In addition, the polyvinyl alcohol can be a copolymer ° 

with an acrylic monomer such as methyl aery late. ' 

. While the above polymers are preferred, any polymer Polynm uut whang 

can be used that is soluble in water or an organic solvent 60 Uriie * Scgme 



a concentration in the solvent of about 40% by <».*» n» 



(U,000 
Wright; 40 =. 40,000 



weight. Other such polymers include ethylceUulose, ,„.„„. : ,.,., WQ 

hydroxypropylcellulose, hydroxypropyl methylcellu- molwBto wrijht) 

lose, ethyiene/vinyl acetate, and cellulose acetate. peg - Polyethylene glycol («oo 

The drug suspension extruded into the hollow core of 65 "".^.l 40 
the tubular membrane can be a suspension of any drug 
in a polymer solution either tbe same as or different 
from the polymer solution used to prepare the hollow 



ir weight; 1300 m 
it; 3350 molecular w< 



D.95 g/cc) 
l-Methjrl-2-p 
DimelhyUco 
Tetraiiydrofimn 



CM = 
Nalb— IB 
Theo * 
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specified amount of drag encapsulated tubes and an 
appropriate dissolution medium (0.1N HCI, pH 7.4 
phosphate buffer, buffered saline or water). This vessel 
is stirred at a constant rate (25, SO or 100 rpm) for the 
3 duration of the dissolution procedure and its contents 
are sampled periodically to determine the amount of 
drug released. 

The second procedure, sometimes referred to as the 
rotating bottle method, uses sealed, cylindrical glass 
10 tubes immersed in water at 30* C. or 37* C. and filled 
with drug encapsulated tubes and an appropriate disso- 
lution medium as described above. The glass tubes are 
tumbled at a specified rate (IS rpm) throughout the test 
and the contents are sampled periodically to determine 
L The length of the tests 



5 36% UrIZfi (DMAO 

6 36% Ur 126 (DMAQ 

7 36% Ui 126 (DMAQ 

8 36% Ur!26 (DMAQ 

9 36%Url26(DUAQ 



36* Url26(DMAQ 



10% Sal. Add 
in PC 

3% Theo b PG 
30% SlL Acid 
in PEG 740 
30% S«L Acid 
in PEG 1000 
30* SaL Acid 
in PEG 1300 
23% lad. in 



14 20% EVA I50(THF) 



17 36% UK26 



3.6% Ur (DMAQ 



2J% Nslb-HQ in 
1.1% Url26 in 
DMAC 



1.8% Url26 in 

DMAC 

M*PPAm 



125 mesh in 3.6% 

Uf 124 (DMAQ 

30%CMb 

3.6% Url26 (DMAQ 

33% (PPA-Dowex) 
in 3.6% Ur!26 
(DMAQ 




Is vitro dissolution rates of drug-filled hollow tubes 

whose preparation is shown is Table I were carried out vary depending on the rate of release of the drug (2-1 00 

by one of two procedures. One is a standard procedure 63 hours). Time should be long enough to allow significant 

described in the U.S. Pharmacopeia XXI, page 1243 (~> 50%) release of drug. 

(1985). This procedure uses a 1 liter glass vessel im- The in vitro dissolution procedures of Table I hollow 

meraed in water at 30' C. or 37' C. and filled with a tubes are shown in table II along with the characteris- 
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tics of the tubes. The dissolution results are 
after Table II. 

TABLE II 



were prepared by encapsulating a 3% suspension of 
theophylline in propylene glycol in polyurethane 126 



icidin (154 cm) ends 70% 



PEG 1000 

6 Url26 30% uL 

Kid ill 
PEG 1300 

7 tlrl2t" 23% ImL 

in PEG 
3330 

S Url26 M-J.6 

Nalb— HCI: 
Url26 

9 Url26 50:3.6 

N»lb — HQ: 
UrIM 

10 Url2S 25:1.8 

± 13% N»lb— HCI: 
PVP40 Url26 

11 Url26 23:1. S 



Url26 
23:1 * 

Ntib-KC!: 
Url26 
503 PPA: 



1.S dosed 
ends 70% 
Lumen D 
l.J Cloud 



(2.54 cm) cndi 33% 



LumoDia. 
1 Open -30% 



1 Open and 
closed 30% 
Lumen Dm. 

1 Open tod 



37' C./ 

12% rot bottle 
30" C/ 

22% roJbottie 
30" CJ 
ISrpm 1 
10.1% rot bottle 
30" C/ 
ISrpm 1 
17% USP 37' C/ 

56% IBP ir CJ 

39.S% USP 37* CJ 



EVA 150 23:3.6 

Theo:Url26 
23:3.6 



Url26 
4 25% 
PVP-15 
Poly. 



Url26 
33:3.6 
Theo: 
Url26 
50:3,4 
CM:Url26 



30% USP 37' CJ 



23% uspsrey 

100 rpm* 
211% USP 37* CJ 



■ftM M pH 7.4 ptmplulE bu 



The drug release patterns obtained with the 
ceutkal compositions of this invention can be further 
understood by reference to the following examples in 
which temperatures are in degrees centigrade. 

EXAMPLE 1 
The dissolution of theophylline from hollow porous 
polyurethane tubes containing 2% theophylline by 
weight was determined in pH 7.4 phosphate buffer at 
30* C. using the USP dissolution procedure. The tubes 



. . ave a 1.5 mm outside diameter with 

a 70% lumen diameter. The drug encapsulated tubes 
were cut in one inch lengths and both ends were closed. 
65 The dissolution bath was stirred at 50 rpm. During the 
first hour, about 25% of the theophylline was released, 
followed by a sustained release with about 80% of the 
total theophylline being released by 1 1 hours. 
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EXAMPLE 2 tus et ' ui PP ed 30 1111 bo" 1 ". The tubes were pre- 
pared by encapsulating a 30% suspension of salicylic 

The dissolution of salicylic acid from hollow porous acid in polyethylene glycol 1300 in polyurethane tubes 

polyurethane tubes containing 6.9% salicylic acid by prepared to have a 3.0 mm outside diameter and a 33% 

weight was determined in pH 7.4 phosphate buffer at 5 lumen diameter. The drug loaded tubes were cut in one 

30+ C. using the USP dissolution procedure. The tubes inch lengths with both ends closed. The bottles were 

were prepared by encapsulating a 10% suspension of tumbled in the constant temperature bath at 15 rpm. 

salicylic acid in propylene glycol in poyurethane 126 during the first J hour, about 40% of the salicylic acid 

tubular membranes prepared to have a 1.5 mm outside was released, followed by more constant release of 78% 

diameter with a 70% lumen diameter. The tubes were 10 0 f the total salicylic acid over 6 hours, 
cut to one inch lengths and both ends were closed. The 

dissolution bath was stirred at 50 rpm. Rapid release of EXAMPLE 7 

60% of the salicylic acid was observed during the first The dissolution of incometnacin from hollow porous 

hour, followed by complete release over 3 hours. polyurethane tubes containing 17% uidomethacin by 

EXAMPLE 3 1! weight W3S determined in pH 7.4 phosphate buffer 

_ j. , . , , ■ ... . ,_ „ using the USP dissolution procedure at 37* C The tubes 

The dawlutionof theopbyllme from .hollow porous were prepared by encapsulating a 25% suspension of 

polyurethane tubes °°? au £S f« K *don£h£in in polyethylenellvcol 3350 iTpolyure- 

w«ght was determined « pH 7.4 phosphate buffer at ^ m tubuiaTmembranes prepared to have Wl.3 

Z ^^r^Kr^e^rp^ 20 r ^sr* ^ v 3 ' ri= h d r e f ■ ^ 

^IZiw loaded tubes were cut in one inch lengths with 

a 60% lumen diameter. The tubes were cut in one inch 25 ,„„ .,„ t a<af "7.. _ ... . i _ , , 

lengths and both ends were closed. The bottles were J*** of about 8i% of the total u,domethacm over 1 1 
tumbled in the constant temperature bath at 10 rpm. 

Daring the first i hour, about 40% of the theophylline EXAMPLE 8 

was released, fallowed by more constant release to give _ .. . . , .... , , ._, , 

complete dissolution over 4 hours. 30 u ™ e tasolm,0,1 1 °f nalbuphine hydrochloride * from 
hollow porous polyurethane tubes containing 56% nal- 

EXAMPLE 4 buphine hydrochloride by weight was determined in 

The dissolution of salicylic acid from hollow porous ^ e l wlte 5 ^ USP dissolution procedure at 
polyurethane tubes containing 12% salicylic acid by 37 C , T j!* tubes w «* PJ^ M « d b * ^capsuatuig » ma- 
weight was determined in pH 7.4 phosphate buffer at 3i of 50 P"* ^uphine hydrochloride to 3.6 parts 
30+ C. using the rotating bottle sustained release appa- polyurethane 126 in polyurethane 126 tubular mem- 
. ratus equipped with 50 ml bottles. The drug encapsu- branes prepared to have a 1.8 mm outside diameter with 
lated tubes were prepared by encapsulating a 30% sos- a i2% lumen diameter. The drug encapsulated tubes 
pension of salicylic acid in polyethylene glycol 740 in were cut in one inch lengths with either both ends 
polyurethane 126 tubes prepared to have a 3.6 mm oat- 40 closed or both ends left open. The dissolution bath was 
side diameter with a 67% lumen diameter. The tubes stirred at 50 rpm. The open-ended tubes showed almost 
were cut in one inch lengths with both ends closed. The constant release of nalbuphine hydrochloride with com- 
bottles were tumbled in the constant temperature bath P' et * release over 100 hours. The closed-ended tubes 
at 15 rpm. During the first J hour, about 30% of the showed almost constant release of nalbuphine hydro- 
salicylic acid was released, followed by more constant 45 chloride; however, only about 25% of the total nalbu- 
release of 95% of the total salicylic acid over 6 hours. P^i* hydrochloride had been released after 100 hours. 
EXAMPLE 5 EXAMPLE 9 

The dissolution of salicylic acid from hollow porous The dissolution of nalbuphine hydrochloride from 

polyurethane tubes containing 22% salicylic acid by 50 hollow porous polyurethane tubes containing 39.8% 

weight was determined in pH 7.4 phosphate buffer at nalbuphine hydrochloride by weight was determined in 

30' C using the rotating bottle sustained release appara- distilled water using the USP dissolution procedure at 

tus equipped with 50 ml bottles. The tubes were pre- 37* C The tubes were prepared by encapsulating a 

pared by encapsulating a 30% suspension of salicylic mixture of 50 parts nalbuphine hydrochloride to 3.6 

acid in polyethylene glycol 1000 in polyurethane 126 55 parts polyurethane 126 in polyurethane 126 tubes pre- 

membranes prepared to have a 3.0 mm outside diameter pared to have a 1 mm outside diameter and a 50% 

and a 33% lumen diameter. The tubes were cut in one lumen diameter. The tubes were cut in one inch and in 

inch lengths with both ends closed. The bottles were i inch lengths, giving tubular membranes having aspect 

rumbled in the constant temperature bath at 15 rpm. ratios (length/diameter) of about 25 and 12.5 respec- 

During the first i hour, about 35% of the salicylic acid 60 tively. The ends of the drug encapsulated tubes were 

was released, followed by more constant release of 95% left open. The dissolution bath was stirred at 50 rpm. 

of the total salicylic acid over 6 hours. Both sets of tubes showed virtually constant release of 

ova «m d a nalbuphine hydrochloride with the tubes with an aspect 

EXAMFLEe ratio of 25 resulting m release of about 20% of the total 

The dissolution of salicylic acid from hollow porous £5 nalbuphine hydrochloride over a 24 hour period, while 

polyurethane tubes containing 20.2% salicylic acid by the tubes with an aspect ratio of 12.5 resulted in about 

weight was determined in pH 7.4 phosphate buffer at 65% of the total nalbuphine hydrochloride being re- 

30* C. using the rotating bottle sustained release appara- leased over a 24 hour period. 
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tion procedure at 37* C. The tubes were prepared by 
EXAMPLE 10 encapsulating a mixture of 50 parts phenylpropanolT 

The dissolution of nalbuphine hydrochloride from amine hydrochloride and 2 parts Elvanol.HV in an 
hollow porous polyurethane tubes containing 15% pol- Elvanol HV tube prepared to have an outside diameter 
yvinylpyrrolidone and 40% nalbuphine hydrochloride 5 of 0.8 mm with a 40% lumen diameter. The drug encap- 
by weight was determined in distilled water using the sulated tubes were cut to one inch lengths and the ends 
USP dissolution procedure at 37* C. The tubes were were closed. The dissolution bath was stirred at 100 
prepared by encapsulating a mixture of 25 parts nalbu- rpm. Complete release of the phenylpropanolamine 
phine hydrochloride and 1.8 parts polyurethane 126 in a hydrochloride was observed in the first two hours, 
tube containing 15% polyvinylpyrrolidone 40 in poly- 10 EXAMPLE 14 

urethane 126 prepared to have a I mm outside diameter 

and a 50% lumen diameter. The drug encapsulated The dissolution of theophylline from hollow ethylene 
tubes were cut to one inch lengths and the ends were vinyl acetate tubes containing 30% theophylline was 
cither closed or left open. The dissolution bath was determined in distilled water using the USP dissolution 
stirred at 50 rpm. The open-ended tubes showed an 15 procedure at 37* C. The tubes were prepared by encap- 
initial release of about i% of the nalbuphine hydrochlo- sulating a mixture containing 25 parts theophylline to 
ride during the first I hour, followed by a sustained 3.6 parts polyurethane 126 in a tubular membrane of 
release of 40% of the total nalbuphine hydrochloride by ethylene-vinyl acetate copolymer (3 3 % vinyl acetate by 
24 hours. The closed-end tubes showed a rapid release weight) prepared to have an outside diameter of 0.8 mm 
of about 4.5% of the nalbuphine hydrochloride during 20 and a 35% lumen diameter. The drug encapsulated 
the first 2 hours, followed by a more sustained release of tubes were cut to one inch lengths and the ends were 
8% of the total nalbuphine hydrochloride by 24 hours. closed. The dissolution bath was stirred at 100 rpm. 

After an initial release of about 20% of the theophylline 
EXAMPLE 11 durmg the fmt i hour, a constant release was observed 

The dissolution of nalbuphine hydrochloride from 25 resulting in complete release of the total theophylline by 
hollow porous polyurethane tubes containing 25% pol- 24 hours. 

yvinylpyrrolidone 15 and 56% nalbuphine hydrochlo- pvampt p h 

ride by weight was determined in distilled water using tiAAMrj-c o 

the USP dissolution procedure at 37' C The tubes were The dissolution of theophylline from hollow porous 
prepared by encapsulating a mixture of 25 parts naibu- 30 polymethane tubes containing 25% polyvinylpyrroli' 
phine hydrochloride to 1-8 parts polyurethane 126 in a done and 51% theophylline by weight was determined 
tube containing 25% polyvinylpyrrolidone 15 in poly- in distilled water using the USP dissolution procedure 
urethane 126 prepared to have a 1 sun outside diameter at 37* C. The tubes were prepared by encapsulating a 
and a 67% lumen diameter. The drug encapsulated tube mixture of 25 parts theophylline to 3.6 parts polyure- 
was cut to one inch lengths and the ends were either 33 thane 126 in a tubular membrane of polyurethane 126 
closed or left open. The dissolution bath was stirred at polyvinylpyrrolidone 15 blend (25% poiyvinylpyrroli- 
50 rpm. the open-ended tubes showed a fairly constant done) prepared to have an outside diameter of 1.2 mm 
release with about 36% of the total nalbuphine hydro- With a 40% lumen diameter. The drug encapsulated 
chloride being released in 24 hours. The tubes with the rubes were cut to one inch lengths and the ends were 
closed ends showed an initial release of about 5% of the 40 closed. The dissolution bath was stirred at 100 rpm. 
nalbuphine hydrochloride during the first 1 hour, fol- After an initial release of 20% of the theophylline in the 
lowed by sustained release to reach 10% of the total lint 15 minutes a constant release was observed with 
nalbuphine hydrochloride at 24 hours. complete release of the theophylline by 24 hours. 

EXAMPLE 12 ^ EXAMPLE 16 

In contrast to the dissolution observed in Example The dissolution of theophylline from hollow polypro- 
11a the dissolution of nalbuphine hydrochloride from pylene tubes with a mean wall porosity of <0.1 ram 
hollow porous tubes of polyurethane alone, rather than containing 25% theophylline by weight was determined 
the blended polymers used in Example 1 1, was found to in water using the USP dissolution procedure at 37* C. 
be much slower. Tubes were prepared which contained 50 The tubes were prepared by encapsulating a mixture 
66% nalbuphine hydrochloride by weight by encapsu- containing 33 parts theophylline to 3.6 parts polyure- 
lating a mixture of 25 parts nalbuphine hydrochloride thane 126 in polypropylene tubes prepared to have an 
and 1.8 parts polyurethane 126 in polyurethane 126 outside diameter of 1.2 mm and a 37% lumen diameter, 
tubes with a 1 mm outside diameter and a 74% lumen The drug encapsulated tubes were cut to one inch 
diameter. The drug encapsulated tubes were cut to one 55 lengths and the ends were closed. The dissolution bath 
inch lengths and the ends were either closed or left was stirred at 100 rpm. After an initial release of 11% of 
open. The dissolution was determined under the same the theophylline in the first j hour, sustained release 
conditions as those used for Example 1 1. The open- was observed with 80% of the total theophylline being 
ended tubes resulted in only 4% dissolution of the total released by 24 hours, 
nalbuphine hydrochloride at 24 hours, while the closed- 60 CY . U .. .„ 

ended tubes released only 1.5% of the total nalbuphine fcAAAirL,*! i / 

hydrochloride at 24 hours. The release of chlorpheniramine maleate from hol- 

_„ , p n low porous polyurethane tubes containing 28% chlor- 

BAAMrLt 13 pheniramine maleate by weight was determined in dis- 

The dissolution of phenylpropanolamine hydrochlo- 65 tilled water using the USP dissolution procedure at 37* 
ride from hollow porous Elvanol HV tubes containing C. The tubes were prepared by encapsulating a mixture 
28% phenylpropanolamine hydrochloride by weight containing 50 parts chlorpheniramine maleate to 3.6 
was determined in distilled water using the USP dissolu- parts polyurethane 126 in a polyurethane 126 tubular 
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membrane prepared to have an outside diameter of 0.9 9. The process of claim 3 wherein the polymer soiu- 

mm and a 75% lumen diameter. The drug encapsulated tion is about 15-25% by weight of polyvinyl alcohol in 

tubes were cut to lengths of i inch (0.32 cm) or J inch water. 

(1.27 cm), giving robes with an aspect ratio of 1.4 or 5.6 The process of claim 3 wherein the extrusions of 

respectively and the ends were left open. The dissolu- i steps a. and b. are downward through an airgap to affect 

tionbath was stirred at 100 rpm. The tubes with an draw-down by gravity and the non-solvent coagulant 

aspect ratio of 1.4 showed an initial release of 22% of *»» ^f? less than «■» ° f the d ™8 

the cMorpheniramuK maleate in the first i hour, fol- h *f ^^^S^in «,, 

chloipheniramine maleate at 8 hours. The tubes with an 10 ™ solution. 8 ^ p y 

aspect ratio of 5.6 showed a constant release to provide 12 . ^ process of ckim „ wherem the polymer 

23% of the total cWorpheruramine maleate at 8 hours. solution is selected from propylene glycol, polyethylene 

EXAMPLE 18 glycol having a molecular weight greater than about 
400, about 1-12% by weight of a segmented polyure- 

Release of phenylpropanolamine hydrochloride 15 thane/urea in dimethylacetamide, and about 1-5% by 

(PPA) from open-ended hollow tubes whose sheath is weight of polyvinyl alcohol in water, 

constructed of a 1:1 blend of ure thane 126 and polyvi- 13. The process of claim 3 wherein the temperature of 

nylpyrrolidone and with aspect ratios of from 4.6, 9.2, the non-solvent coagulant is in the range of about 60° to 

and 18.6 were performed in 0. IN HC1 and compared to 180* C. to increase the pore size in the tube polymer 

that obtained with the core material The release pattern 20 wall. 

for the drug encapsulated tubes was sustained after an 14. The process of claim 3 wherein the extrusions of 

initial burst of 2, 3, and 6% (m<i hour) and at 24 hours steps a. and b. and the non-solvent coagulant are at 

was about 42%, 60% and 70% for the small, medium, about the same temperature, said temperature in the 

and low aspect ratio tubes respectively. The core com- Tall St! of about IS* to 180* C. 

ponent showed a faster release of PPA with a burst of 2J »• A process for preparing a hollow tube drug deliv- 

30% in <i hour up to 100% in 20 hours. «y system comprising: 

What is claimed is: »■ «truding a solution of about 15-40% by weight of 

1. A process for preparing a hollow tube drug deliv- a segmented Dolyurethane/urea derived from poly- 



ether glycol soft segments in dimethylacetamide 

_ "extruding- a polymer solution or suspension 30 ^t^J^^ SrT*** ' 

Z^^SSZtT* a ^ h.Z m u^uT^^ hollow core of 

I'SSZiZZZSrXZ suspended in a ^^--g. 

polymer solution into the hollow core of the tubu- ° m ^ lollon Seeded f«m 

tar membrane to provide a drug encapsulated tubu- 35 pr0 pyi ene glycoTpolyethylene glycol having a 

lar membrane system; ... number average molecular weight greater than 

c. passing the system into a non-solvent for the poly- about 400, about 1-12% by weight of a segmented 
mers having a density different from that of the polyurethane/urea in dimethylacetamide, and 
system, to coagulate the polymers under conditions about 1-5% by weight of polyvinyl alcohol in 
to minimis orientation in the tube polymer and to 40 water, to provide a drug encapsulated tubular 
create pores in the tube polymer wall; membrane system; 

d. removing residual solvent from the system; and c. passing the system after a draw-down into a poly- 

e. collecting a drug encapsulated, porous polymeric mer coagulation bath selected from water, an alkyl 
hollow tube. alcohol of 1-3 carbon atoms and a mixture thereof, 

2. The process of claim 1 wherein the drug encapsu- 45 to provide a drug encapsulated porous hollow tube 
lated tubular membrane system from step b. is drawn- having an outside diameter of about 0.5- 10 milli- 
down prior to being passed into the non-solvent coagu- meters; 

lant. d. removing residual solvent from the drug encapsu- 

3. The process of claim 1 wherein the resulting drug lated. porous hollow tube; and 
encapsulated, porous hollow tube has an outside diame- 50 «. collecting the resulting tube. 

ter of about 0.5-10 millimeters. 16. The process of claim IS wherein the drug encap- 

4. The process of claim 3 wherein the collected tube sukted tubular membrane system is extruded down- 
is cut into lengths in the range of about 0.5 mm to about the coagulation bath through an airgap to 
2 cm. provide a gravity draw-down. 

5. The process of claim 3 wherein the polymer solu- 55 . 1T ^P™? °f ch T wherein r " idu ^ solvent 
ttoeCurcadenv^dfrompolyether glycol softsegments «. The pro^ of claim 17 wherein the tube is col- 



and free of additives in dimethylacetamide or N-methyl- 



icwm uu a wind-up roll. 

pyrrohdone. „ 19. The process of claim 18 wherein the collected 

6. The process of claim 5 wherein polymer solution is 60 tube is cut into lengths in the range of about 0.5 mm to 
about 30-40% by weight of the segmented polyure- about 2 cm. 



20. The process of claim 19 wherein a plurality of the 

7. The process of claim 3 wherein the polymer solu- C1K tubes are mixed with a suitable pharmaceutical car- 
rion is about 15-25% by weight of a polylactide of her for oral administration. 

number average molecular weight of about 100,000 to 65 21. The process of claim 16 wherein the extrusions of 
500,000 in dimethylacetamide or a chlorinated solvent. steps a. and b. and the coagulation bath are at about the 

8. The process of claim 7 wherein polylactide is dis- same temperature in the range of about 15* to 1 80* C. 
solved in chloroform. *.•••*. 



